AD678I35 


f 


TRANSLATION  NO.  *?/ 

RATE:  ,9‘r 


DDC  AVAILABILITY  NOTICE 


This  docuaant  h«i  baan  approved  for  public 
ralaaaa  and  aala;  Ita  distribution  la 
unlimited. 


|!j[  «»*?'«»  ifj! 

umsmutM 


-  D 


DKPARTMMT  OF  THE  AMY 
Fort  Patrick 
Frederick,  Maryland 

“'cilAlttlia  H  O  U  *  I 

<««  L^mI  A  TaAaWI 

«-» »»  -  -  • — » — *  -*j  \|.  aa«ci 

iniuf nwron  apnnynafa  vi,  uui 


Best  Available  Copy 


'/ ' 


*0 

03 

f*-r 


GO 

<N 

<0 


EST'JJLIS’iT::^  ?ErJ*.I33I3"*2  "ftZX&S  III  TH2 

coktkit  mid  iugsstiox  *ams  o?  hadioactivs 

ISOTOPES  III  THE  ORGAUISTI 
-U3SP- 

[Pollovinj  13  the  translation  of  :a  article  by  Yu.  I. 
liocfcalev  in  tho  Russian-language  periodical  Mo  ll  tain- 
slcr/a  Radiologty.a  (Medical  Radiology) ,  Vol  7,  Ho  sj  Mos¬ 
cow,  August  1962,  pages  91-97.  j 


In  order  to  establish  permissible  levels  for  the  ingestion  of 
radioactive  isotopes  in  tho  organism,  an  understanding  of  general  Ijvts 
of  biological  activity  for  small  ionising  radiation  doses  is  necessary. 
Among  tha  basic  foci  of  I'ndicbiology,  an  important  place  is  occupied  by 
problems  of  threshold,  stmta  tion,  restoration,  compensation,  and  radio- 
sons  Itivlty  in  tho.lr  various. aspects.  An  understanding  of  lavs  govern¬ 
ing  distribution,  accumulation,  and  removal  of  radioactive  isotopes  from 
the  organism  in  r elution  to  tho  rhythm  of  their  ingestion  —  is  nnot^^r, 
but  no  loss  important,  aspect  of  this  question.  ^ 

In  thi3  article  wo  -fish  to  examine  possibilities  of  ©xpai-iao  l 
bases  for  permissible  maximum*  in  the  content  ru$  Ingestion  levels  * 
radioactive  isotopes  in  tho  human  orgV.5Td.aL’  vhil i  using  oeteoearcoea  .4- 
nia  and  leuVemogonic  action  of  radio.’.ctlvj  icotopos  as  criterion  for 
longevity.  <  < 

Tho  high  energy  level  irradiation,  significant'/  oyceoiiag  that 
of  chemical  tic3,  make 3  the  hypothesis  highly  li'cely  that  there  is  no 
threshold  for  the  notion  of  ionising  radiation  in  initial  changes  in  any 
structure  of  tho  organism  on  a  molecular  level.  It  docs  not  folio/,  how¬ 
ever,  that  reactions  at  oth*r  levels  also  have  no  threshold .  Sxpariscn- 
tO  evidence  on  the  biologic  1  activity  of  various  aspects  of  ionising 
radiation.  Including  radioactive  isotopes,  is  sufficiently  convincing  on 
this  score. 

In  resolving  tho  problem  of  tho  threshold  or  non-threshold  nature 
of  tho  reaction,  data  concerning  tho  form  of  tho  doso-offeet  curve  are 
highly  significant. 

Figure  1  pros  on  1 3  data  characterising  the  degree  of  decrease  In 
tho  natural  life  span  or  rate  in -relation  to  tho  amount  of  Sr$3  induced 
into  the  abdominal  oAvity.  Tie  see  that,  according  to  the  criterion  of 
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li'a  spin  duration,  the  Action  or  s-.-SO  j.-s  *  threshold  character .  .V  — 
locoua  rc£«lts  rrprc  ob^insd  v.ith  other  radioactive  isotope,  «3  for  ’in- 

;J«>M  cO.  c“137.  <md  Otter*,  -nor,  «uu  a  very  iido  iok« 

diapason  ttMca  does  not  a*  foot  t.io  longevity  of  expsrino.ntal  r*ts.  'mo 
maximal  Sr  dosage  tnnt  is  ineffective  for  rats,  *ecordia^  to  the  cri— 
^fnpovity,  is  25-50  acA,;  and  for  aica  (according  to  the.  data 
of  M.  Finical1)  —  44j*A*ff» 


Figure  1.  Tho  average  decroien  in  tho  life  span  of  rats  (in 

percentages  to  control)  in  relation  to  the  quantity 
of  intra-ahdooinal  induction  of  Sr^. 


•  Legend i  Tho  striped  area  —  death  rate  for  control  animals' 
with  reliability  intervals  for  ?  »  0.05, 
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TTe  are  acquiring  expirinonial  data  providing  evidence  that,  at 
small  quantities  of  radioactive  sub3tmcos,  the  average  life  s>an  of 
experimental . animals  increase.  For  instance,  on  induction  of*Sr^  'n 
quantities  of  1-5  per  rat,  tho  experimental  salmis  initially  d  -o 
more  slowly  thar.  tho  control  animals.  Ip  500  days,  36.1#  of  the  con¬ 
trol  aninals  died,  Vnile  on  induction  of  1,  2,  and  5  Ac  the  cor ras  xnd- 
ing  percentages  were  25.S,  30.9,  and  17.2;:.  Tho  Average  life  span  of 
female  rats  in  experimental  groups  v/as  530,  ?36,  and  585  days:  vhil*  in 
tho  control  —  506  days,  Analogous  results  rare  obtained  with  Co1^.  jn 
parenteral  induction  of  this  isotope  in  quantities  of  1,  2,  5,  cad  10 

1/  TA  7‘7’  u:*»  "*  S-«  -L  rat,  and  * 

17.<),  and  17.12  of-  fcuala  rst*.  la  tto  control  rroun.  fo- 

oV'r^-tl,aLSt*r^i’  2i‘/a  “a®  rat,  and  23.«  ro«al«  pat*  gi<d.  The 
_.ra.OT«»3  batrocn  tto  dentt  rates  for  control  and  oxporlaental  rrouoa 
“  r-jllabla.  Radiation  1  avals  for  tha  anlnols  at  th«  quant! tioj  of  C0U4 
*"*  loo.  a.  araraca  dally  doan*.  atranith  S 
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of  1-5  .<*-  Co144  Q.r.'-z./,  rii/u-y,  a..;*.  in  bcno  tissue  1.3-S.2  rfd/lay. 

Tho  aver:«go  irrv.IIOT.on  c.*;c,  :.l  during  the  life  cnaa,  vas  0,03- 

O..V>  krad,  nr.d  in  hono  tier.ro  —  ':rr.d •  Fi.<kelss  rose ireb 

also  emphasises  tho  Icrg,  in  comparison  ‘••a*  th  cdccuvie  control,  life  apsa 
of  nice  subjects.!  to  v’vn titles  of  a.^g  po210# 

T.’o  are  d-.rcll.inj  in  sore-  detail  on  this  data  ns  -re  are  deeply  con¬ 
vince.  1  that  in  evaluating  pcrn.lJS.iblo  levels  of  content  and  ingestion  of ' 
radioactive  isotopes  in  the  crgcnicr.  it  is  Appropriate  to  uso  not  Just 
nay  rvnetLon  of  the  orginis..:  to  irvndUu ion,  ‘out  only  th030  thich  chr.- 
rnctorisc  the  injurious  action  of  radiation.  Of  course,  os  a  result  of 
the  '‘act  that  under  conditions  of  prolong  vi  action  of  lotf  radiation  1c— .. 
vo Is  average  life  span  increase  is  possible,  v**0  C**.Us»2^  of  death  ca-j  sig¬ 
nificantly  differ  fvr-n  those  in  the  control  prpv.lsticn.  H-is  cc.nnacbl«M 
v;o  are  faced  with  the  difficult  problem  concerning  -'hi eh  deviations  froa 
•'the  noran  in  conditions  of  continuous  radi vtl -n  can  bo  taken  into  cc- 


count  in  tha  evaluation  of  harmful  offccus  of  snail  dosage  radiation* 

In  the  evaluation  of  the  injurious  action  of  radioactive  isotopes, 
tho  data  characterising  their  blnator.ogcr.tc  activity  is  vocy  significant* 
One  of  tho  riost  dangerous  of  tho  radioactive  isotopes  in  tho  professional 
senso  is  Sr90.  Experiment  shoes  that  this  radioactive  isotope  elicits 
in  animals  (nico,  rats,  rabbits,  dogs)  tho  appearance  of  tenors  of  the 
bono,  and  hemopoietic  and  endocrine  systems  •  Quantitativo  data,  descri¬ 
bing  tho  apoearonc®  of  theso  tumors  in  relation  to  tho  quantity  of  indu¬ 
ced  activity,  do  not  hnvo  a  linear  character.  Host  frequently  S*/*>  pro¬ 
duces  bono  tissuo  tumors  in  anLv.r.la*  This  typo  of  tumor  reaction  has 
bc&n  studied  in  more  detail  and  can  to  qivmtit*tiv®ly  described.  Figura 
2  sho'.7s  tho  "threshold”  naturs  of  tho  indicated  effect,  in  any  case  for 
the  limited  population  of  experimental  animal.;  encompassing  hundreds^  of 
aal.ns.l3  nor  doso.  On  single  parentarl.il  induction  of  tho  isotopo,  the 
minimal  oat2osarco.~ogor.ic  dose  is  within  limits  of  25-50  ^.c/kg.  Accord¬ 
ing  to  our  evidence,  on  single  parent  arid  induction  of  rats  wit*;  Sr-J, 
the  ineffective  quantity  in  relation  to  osteosarco.ua  is  5-50 accor¬ 
ding  to  y.  Finkol’s  mice  experiments,  it  is  44i<Ag«  supposo  that 

a  similar  ratio  is  true  in  nan,  then  die  Ting  for  differences  in  life  span, 
single  paronterial  induction  of  Sr$0  in  quantititea  of  10-103  iw.  should 
not  affect  the  natural  life  spaa  in  nan  nor  increase  the  incidence  of 


bone  tissue  tumors* 


Best  Available  Copy 

-f- 


Figure  2* 


Tho  frequency  of  cot.o.isrccr.a  in  r.olo  ~~A 

rate  in  relation.  to  the  quantity  of  ir.tra-atdoai- 

nally  induced  Sr**0* 


Tho  action  of  Sr^°  often  produces  leucoses.  Tho  problem  of 
^whether  this  is  a  threshold  or  non-threshold  reaction  he. 3  not  yot  been 
^resolved.  Rats  develop  loukosos  significantly  more  rarely  than  sarco¬ 
mas  under  tho  action  of  Sr^.  On  inducing  Sr9°  in  quantities  of  50- 
250i*c/icg,  the  frquoncy  of  leukoses  increases  2-4  times  in  comparison 
with  the  control.  The  relation  of  loukosas  incidence  to  the  quantity 
of  paronUtrlal  rat  induction  of  Sr$0  ia  illustrated  in  Figure  3*  Tho 
data  in  this  figure  indie ato  the  absence  of  a  linear  relationship  bet- 
noon  tho  quantity  of  induced  Sr90  and  the  frequency  of  Isukoses*  The 
shape  of  tho  curve  is  evidence  of  the^nocessity  for  exceeding  threshold 
dosages-  in  producing  leukoses*  In  Sr'0  induction  ia  quantities  of 
5  jtr./ke t  leukoses  are  encountered  in  tho  sane  frequency  in  experimental 
(in  one  rat  out  of  S3,  surviving  200  days,  or  l*2i*)  and  control  rats 
(in  6  out  of  337,  or  l.SjQ •  .These  rate  sustain  an  irradiation  dose  of 
0*27  krad  in  their  bone  marrow  during  their  lifetime* 


o 


Figure  3*  f»*o  average  li fe  ir.a  of  rod's  la  relation  to 
the  insert*  tie n  rhyoha  <ir-d  Sr^  dosage. 


/it/  VAt 

According  to  tho  iafluoneo  of  radioactive  isotopes  on  the  Ufa 
span  and  tho  apponrince  of  tumors  in  tho  hemopoietic  tissue  and  hone, 
tho  action  of  Sr$°  and  other  os  tic  tropic  isotopes  has  a  threshold  cha¬ 
racter.  This  provides  a  basis  for  future  consid oration  of  tho  probloa 
of  paiviiuaiblo  lovels  of  content  and  ingestion  for  vadioactivo  iso¬ 
topes  in  tho  or&tmlsa  for  a  few  people  at  Icnst.waouo  cork  i3  related 
to  tho  utilization  of  radioactive  isotopes. 

Dccauso  of  tho  clow  removal  from*  the  organ I cr.  of  Uw  injurious 
action  of  radioactive  Isotopes,  even  thoir  single  in-i.stion  into  tho  or~ 
ganisa  cor4tinuos  over  a  very  p.olcago  1  period;  uiid  in  tho  cass  of  long- 
lived  radioactive  Isotopes  —  ov«r  a  full  life  smu.  It  is  thorofore 
very  Important  to  clarify  tho  question  of  tho  role  of  tho  tiaa  factor 
in  the  injurious  action  of  radioactive  isotopes,  and  the  l-elatLonship 
of  their  biolojfioal  activity  to  the  ^r.geution  rhytlim  of  tho  orgnnlsn*. 

A  very  complex  correlation  exists  between  tho  organises  reactions 
ar.d  ionizing  radiation's  action  rhythm.  At  tho  basis  of  tho  correlation 
lies  the  difforing  oonuitivity  of  separate  systems  and. organs  to  ir¬ 
radiation,  and  their  varied  capacity  for  compensation,  restoration,  and 
cv.vwitiou  of  irradiation  Injury.  Restorative  processos  occur  differently 
in  various  systems  of  the  organise,  so  that  a  decrease  of  dosage  strength 
c.  a  have  unequal  significance.  for  various  systems.  Ovaries  hsvo  a  vciy 
•  ,'a  scncitivity  to  ionizing  irradiation  nr.d  a  very  low  roperative  cepa- 
"n  contrast  to  har.oioiotic  organs  and  tho  intestinal  uuooua  aca- 
..\o,  tho  ovaries  show  destructive  changes  of  a  single  tame  on  single 
..iijawo, and  prolonged., action. 


> 
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A  comparative  evnlui  tion  o £  the  action  of  Si ~9/*>  0:1  Vro  ii^  s-oa 
of  rats  in  relation  to  the  Isotope  ingestion  rhythm  indicate  Inco:^loto 
summation  of  radioactive  effects.  Protracted  induction  (daily  for  ico 

_  .  a  a  •*  %  t  #  .«  a.  .  •  .  ...  _  %  » 


4  at  a  singlo  induct  ten  to  l£0  Z  20  c’.vs  at  prolonged  ingestion) .  It  Is 
important  to  emphasize  that  such  on  abrupt  Occrao.co  in  tho  of  fee  tivo  ac¬ 


tion  of  radioactive  isotopes  on  protracted  ingestion  into  tho  organism 
is  observed  only  undo?  tho  breakdown  of  highly  effective  quantities.  On 
broakdo’.m  of  acuta  and  chronic  effective  isotope  quantities,  difforexicos 
in  the  life  npan  in  relation  to  isotope  ingration.  rhythm  are  Iocs  worked 
(Sao  fleers  3).  In  later  intervals  of  tho  experiment  tho  re  are.  similar 


peripheral  blood  changes  in  tho  anir.v?.ls,  irrcgarti.1  ess  of  single  or  pro¬ 
longed  Induction  of  tho  Indicated  quantity  of  Sr^. 


It  is  of  interest  to  evaluate  the  significance  of  dosage  strength 
in  tho  occurenoo  of  VLvctogonic  action  from  ionising  radiation.  An  ana¬ 
lysis  of  experiments!,  data  shows  that,  under  tho  action  of  Sr^,  tho  in- 
cidnqoe  of  oateosarcom  significantly  dopouds  on  dosage  strength  (Figaro 
4)  \jSeo  NotSi  •  Within  limits  of  equal  total  doses  (12.6-21  krad),  de¬ 
creasing  dosage  strength  by  20  times  produces  a  decrease  of  osteosarcoma 
ineldonce  by  10  times.  fthon  the  bono  marrow  accumulates  12.6  krad  for 


30,  100,  and  400  days,  osteosarcomas  occur  in  30;  3,  4>  and  2.6(1  of  tho 
animals.  Within  limits  of  optimal  ostecsorcomogonic  doses  (47  krsd), 
decreasing  tho  irrodiaticnal  dosage  strength  by  3  times  has  llttlo  ref¬ 
lection  on  tho  totil  incidence  of  osteosarcomas. 

([No{3:  Text  of  footnote:  Tho  frequency  of  osteosarcomas  under 
the  givon  total  irradiation  dosage  was  not  determined  immediately  after  ■ 
the  hono  marrow  accumulated  &  corresponding  dose,  but  after  the  "latent1* 
period  elapsed  (200  days)  necessary  for  development  of  the  tumor .  Thus, 
for  example,  at  total  doses  of  16.3  krad  accumulated  by  the  skeleton  over 
50  days,  the  osteosarcoma  frequency  induced  by  this  dosage  was  determined 
on  the  250th  day,  i.e.  after  completion  of  tho  "latent”  period’.) 


Figure  4*  The  relation  of  the  inc.ldonco  of  sarcomas  in  rats 

under  tho  action  of  Sr^3  to  the  strength  and  magni¬ 
tude  of  tho  total  irradiation  doso  in  bone  tissue. 
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days 


vOfc  *  UV  w w  .  <*T»#  i'tlv  Oil  the  ij  u'wiy 

the  relationship  bet.  jc:i  c::iecnrrconcg.:;-iic  Sr'-"/  action  (Xusna  end  Zander, 
1956)  cr.d  S/-^  (i'u.  I.  -oe!:alcv)  i:i  relation  to  the  isotope  inj&ation  rhy¬ 


thm  of  the  orrtcr 


tco- 

aith 


L-^enisn.  In  oiv  cxpcri2r.«;t.  conduotod  with  V.  K,  StrsL1 1 
JtabXIahei  that  in  single  fir'0  induction  ( in . oqu ilibelua  ;? 

3)  at  quantities  of  100 /;« per  ‘-at,  ouicosarcc.aaa  develop  in  SCT'j  on  in¬ 
action  of  the  indicated  quantity  foi*  ICO  dry®  —  in  S.3&  nr.d  on  fractioa- 


v.n,  it  was  ca 
Y^)  a 

due  ______  _  .  _ 

cl  induction  at  2  wc.;*:  ini  -  (for  10  i.iductlons)  end  one  month  (5  in¬ 
ductions;.  the  rats  did  not  lev 2  lop  ostcouareouns. 


?’o  must  state  that 


the  ” latent”  period  necesevry  for  the  devolcpAa.it  of  osteosarcomas  in¬ 
creases  with  a  decreased  quantity  of  induced  activity* 

These  facts  arc  evidence  that, ruder  low  radiation  levels  in  struc¬ 
tures  -.vacra  deleterious  chu  tes  are  occurrir.".  rosto.ativo  processes  take 
place.  Tills  means  that  radiation  eriaeatici  is  incomplete.  Ur.d  or  tho 
action  of  cC-rauiation,  bene  tissue  restorative  processes  occur  nuch  tors 
woaTdly  than  under  y  -ivr'.diatLon .  IVr  >:."»:plo,  according  to  the  obsca*va- 
tions  of  7in!:eV  (1956) ,  under  the  -ction  of  Ha226  a  decrease  to  l/LOth 
(frou  60  to  5  ,Uc/kg)  of  the  sr.ov.tib  of  induced  isotope  (in  experiments 
v/ith  mice)  loads  to  a  dcorcoso  in  incidence  of  osteosarcoma  fvea  cO  to 
35?>,  i.c.  it  lessens  to  half.  In  the  case  of  Pu2^,  on  dce\*cn30  of  tho 
optical  o s t co 3 .ar  Comoro nic  dose  fren  3  ‘to  0 .3_ ,  fcZ;  the  frequency  of  ostco— 
sarcoma  decreased  to  19^  •  Research  on  Pur*-*',  conducted  on  rats  by  A* 

St.  Bukhtoyarova  end  Y.  K.  Lemberg,  chows  tint  under  a  decreased  quantity 
of  induced  activity  to  l/lCth  (from  6.3  to  0.63  £*Ae)  tho  frequency  of 
osteosarcoma  decreases  to  40,*'.  There  io  an  utterly  different  correlation 
under  the  action  of  ^-irradiation  (Yu.  I,  Yoohalev)  •  A  decrease  to  1/lCth 
of  optical  c3teoearcoaogcnic  quantities  of  Sr'0  and  (from  50-1, CCO 

to  50-1CO  is  associated  with  a  drop  in  frequency  of  oeteoanrcom 

to  3.3-2*,  or  to  an  order  higher  than  ruder  ct-ir radiation • 

Tabla  1.  Bene  tenor  frequency  under  parcntarie.1  induction 
of  Pu  2^9  under  various  isotope  ingestion  rhythms 
(according  to  the  data  of  Yu*  I.  •‘••oskolov,  L.  A* 
_ Buldakov,  and  V.  K.  Strol?tsovn) _ _ 
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l*  cm  u*2euuit 


Huron  I |  I  ...  'or..m  a  i,*.  j  w m  I 

I*™*  •*<'Kr  OAua..?JTiia  li  C.  Anrt  I  U  !M  Alwft  htM.  3  IM&&M  M 

*•!*-  J _ •*.  !  s.  :  6  I  w*i,  I  »*••««*«  s 


3/20  r.5%) 
0/U(0) 


Pu“»  1  l .23-20  2/«:5  !  A/:5  (3,0*;*  3/.:3 (.l,7«r:  !s/SC  (13,0*;', 

St»“-r Y**  i  500  0/23(20*;)!  ;  l/i2(S,3*i) ’0/14(0) 

1  I  1  *  ] 

Legend:  1.  Induction  rhythm.  2.  Isotope.  3.  Quantity >As*  4* 

single  5.  for  50  days  6.  for  100  days  7*  once  v;cc!c3y  for 
9  wooka  8.  once  in  2  weeks  for  18  weeks. 

Note:  tho  numerator  —  tuaor  frequency;  the  denominator  —  tho 

quantity  of  animals  not  surviving  after  tho  230 th  day. 
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Or.o  forms  tho  impression  that ,  under.-  srolcnjcd  induction  of  Pu2^9, 
bono  tissue  tumors  develop  oven  s<*.  ;s;h‘.i  :.*.ore  frequent!"  then  undo*.' 
induction.  for  e::v.v.plc,  after  s!  glo  ir  auction  of  ?u.239  ;n  quantities 
of  1.25  to  20  >.c  t  ccr.o  tumors  develop r»  :*.n  /.C#  of  the  rata  '..ho  did  not 
at iv viva  r.ftar  tho  2C0fch  dc/j  on  induction  of  the  caa-j  quantities  foi*- 
50  and  ICO  days,  9  vrooka  (cr.cc  vcokly)  end  10  aes’.cs  (once  ovoty  tr;o 
weeks),  bona  tumors  developed  correspondingly  in  3.9,  6.7.  13.9,  and 
15#*  Since  our  data  are  quantitatively  small,  further  experiments  ac¬ 
cording  to  this  pirn  arc  necessary  on  a  larger  couple  of  aniucls.  ••over- 
tholoas,  results  of  cur  research  permit  oar  rnkii*"  the  conclusion.  that 
tho  frequency  of  hone  taxers  on  fracticr.ed  ar.d  protracted  induction  of 
<£ -irradiators  docs  not,  in  any  case,  decrease,  Those  data  are  cvidor.ca 
that  injuiy  produced  by gC-ir radiators  ore  loos  '..ell  restored  end  better 
sunmatad  under  protracted  action.  The  indicated  differences  in  blasto¬ 
mogenic  activity  of  dC-  and  .3 -irradiators  is  a  %  nessary  factoi*  to  con- 
sidor  in  attoxpti  to  oxtrapolate  froa  experimental  results  on  caiaols  to 
hutsan*. 


Figuro  5.  Tho  relation  of  lcu-co sos  froqucncy  to  tho 
quantity  of  induced  Sr^. 
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Legend*  Striped  area  —  lculcoso3  frequency  in  control  rats. 

In  contrast  to  ostcosarcoma-s,  tho  frequency  of  hemopoietic  tissue 
tumors  under  Sr$^  in  conditions  of  protracted  action  dees  not  decrease. 

On  tho  contrary,  it  can  ovon  be  greater  than  in  concentrated  action.  For 
onumplo,  at  total  doses  of  2.7  krad  accumulated  by  bor.o  r. error  ovor  50 
days,  leukoses  under  Sr^O  ‘developed  in  US  cf  the  rats*  undor  accumulation 
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facts  point  to  the-  or  ov  and  poo*-  r.  deration  of 

injuries  in  bona  marrow  c-.ibial  cl:... ..id  leading  to  tho  Oca:.ver.C*  of 
leukoses. 

'.ho  data  v;c  have  e:::.i:lv.*.d  leal  v:  to  t£a  conclusion  that  under 
prolonged  injection  of  r  *.“.11  cv, .■  at*, or  Sr'^,  tno  prob>.s*.usy  of  t.ao 
OCCU’.’Vc.'.^O  of  C.i^CyJ'.Vwvi . '. J  t. w 0"."*.  '.JC'i.  .  ...0  0*  *-  ■» 

"threshold"  doso,  r.co:o::..;v  ft-*  iha  :..‘.cotLon  cf  sarcomas,.  and  too  ab¬ 
rupt  c.c:'c.*.;a  in  the*  frc.ntt;.vi/  cC  be.*...  in  :.v.*s  undw  deer*  ..;.l  dosage 
0 trcnj'.ks, prevudo  a  e.'.cis  scr  t.*o  p.-— —  ^ a»-ovo.  n.o  ox  1 12 «*o r. .4 

of  more  complex  conditions  for  the  ocov..-.*w.*.co  of  I cries cs,  tho  existence 
of  a  “threshold”  dose,  ana  the  peer  icj  iorxtion  of  inf  uric  -  .In  tons 
m-arrow  colls  ns  a  cons cc. none 0  of  th 0  d.ijucf Lcmcly  longer  ..u: ran  life 
span  do  not  exclude  the  possibility  of  the  occurrence  of  v.his  reaction 
under  sr.ollcr  Sr*°  quantities  then ‘those  for  rats.  It  is  obvious  that 
future  accumulation *of  cxpcrir.cn tr.1  data  is  necessary  to  x la-point  mi¬ 
nimal  loukcaogonic  doses  and  tf:o  role  of  tho  tine  factor  the  produc¬ 
tion  of  this  reaction . 

Louher.ogenic  radicactivc  isotope  action  cannot  bo  ....  vr.cd  apart 
fro;.!  other  reactions  of  the  organism.  If  7:0  uf.o,as  such  .*r.  additional 
criterion  the  avoraro  life  span  of  rats  dying  from  leukosis  in  tho  con¬ 


voking  Sr/0  as  an  example,  va  will  cr.c.r.ina  vr.ys  of  iv.uirtlntir.g 
experimental  data  froa  arJ.T.cj  5  to  hvacrsp^  iho  oy.porir.ant  1  data  indi¬ 
cated  above  concerning  tho  effect  of  Sr''*'  on  the  life  sp...  -v.:d  cn  tho 
occurrence  of  tutors  of  tho  be: -.a  mu  hc-..:p  >iotic  .system  c  be  utilized 
for  tho  evaluation  of  minimal  permissible  Ic/olo  of  the  i.'.g.  ;iJor»  of 
th^s  isotope  by  tho  hur.rr.  or^anisi  t.  They  show  that  single  p  .rcatarir.l 
Sr'’0  induction  in  10/i«qr.r»nt.5ty  «*.*.:»«  not  af -Vat  tho  natural  life  open  or 
tho  frequency  of  bono  tumors  and  Isukcs-c  in  tho  hiw»n.  M;  .*  co;'1.uti.i2 
oxporiment&l  data  fre.v.  animals  to  lnu*an«,  onir.g  to  tho  aiwci  fioent  dif¬ 
fer  cnees  in  longevity,  tho  quantity  of  Sr*°  that  is  non-of'c-clve  for 
rats  decreases  to  2.S5#.  This  means  that  tho  same  decree...  holds  for 
tho  irradiation  dose  strength  in  tho  vat?s  or  gen.  ?cr  reactions  (lon¬ 
gevity  ,  bono  tumors)  which  &ro  roll  restored  and  weakly  cv,;..;  ,at  cd  under 
protracted  action,  this  has  great .  ir.portanco  as  tho  additional  biologi¬ 
cal  coofficiont  of  r user vo  plf/3  a  part  here.  For  tlioso  .a.  actions  whose 
development  is  little  affected  by  decrease  of  dosage  strength  (leukoses, 
ovarian  injuries),  this  circumstance  apparently  will  have  ".c.is  meaning. 

Tho  bone  tissue  has  a  prolonged  retention  not  cf  all  the  stro-tiua, 
but  or.ly  of  a  portion  of  it.  An  analysis  q£  data  on  distribution  shews 
that  raigbeno  -t  final  stages  of  the  exn^rii.v.-nt  retains  If -2C;J  of  tho  In¬ 
duced  3r^.  Tho  maximal  povr.ictiiblo  £r'°  content  iu  human  bones,  there¬ 
fore,  should  be  1.5-2 Jm..  A  siidlar  magnitude  {2.3, ux)  was  obtained  in 
co.putir.g  tho  maximal  permissible  Sr*^  content  in  the  human  body  by  em¬ 
piric;.!  equation.  _  ‘ 


(1)  Kpc  »  4*6  d 
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where  ”  .c  ic  tha  r.a:c*. *  .1  p.-.v.ios5b:  .  content  or  osteotropic  i jotopo  in 
tho  hu--i*an  ukaloton;  d  is  the  c.?  -ir.vJL  cateosarconogonic  irradiation  dooo 

for  rats  (in  microcuri-a  per  i  j)  * 

Elution  (1)  is  durlvw£  from  tho  comparison  of  clinical  and  expe¬ 
rimental  investigations  o.i  ootoosf.r cor.o^or.ic  action  of  radium. 
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optimal  oat€co5vcor.:ogonic  content  on  intra- 
peri  tonoal  induction,  pc/% 
maximal  permissible  isotopo  content  in  tho 
human  skeleton^/g. 


Table  2  presents  magnitudes  of  : '.axlual  ncv..vicf»:iblo  contents  de¬ 
rived  from  equation  (1)  for  a  number  of  reactive  isotopes  in  tho  humni 

body. 

Tho  magnitudes  of  m*.::irr.l  permissible  radioactive  Isotopo  contwT.t 
thus  found  ara  in  corrccpondir.cn  v/ith  international  reccr-aendations. 

In  evaluating  tho  maximal  permissible  Sr^  content  in  tho  human 
skoloton  derived  through  other  method*;,  including  dosimetry,  taking  into 
account  tho  unequal  distribution  of  tho  iso ;opo  in  tho  bone  tissue  and 
tho  differences  in  the  magnitudes  of  local  tissue  dosages  connected  with 
this,  wo  obtain  similar  magnitudes  (l.S-3.7/***)*  On  conducting  corres¬ 
ponding  computations  for  the  maximal  pov..i  edible  strength,  ro  used  a 
dosage  equal  to  SCO  rear/vcck. 

Once  tho  iwi/yiituds  of  maximal  permissible  rsdioaotivc  isotopo  con¬ 
tent  has  been  established  in  tho  critical  organ,  we  can  go  on  to  nn  oxrni- 
nation  of  tho  problem  of  the  activity  amounts  that  can  bo  Ir.gosted  daily 
by  tho  organism  with  food  products  or  through  respiratory  channels.  Un¬ 
til  tho  present  tir.o,  infov.  aticn  on  tho  continuous  deposit  end  removal 
of  radioactive  isotopes  from  critical  organs  has  boon  gleaned  primarily 
from  investigations  of  single  inductions  of  a  substance.  Recent  research, 
ho -rover,  indicates  that  this  method  of  evaluating  maximal  permissible  le¬ 
vels  of  radioactive  isotopo  ingestion  by  the  organism  is  not  effective. 

We  will  illustrate  this  through  taking  Sr70  as  an  example.  In  cx- 
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oerlr.cnts  *.iih  Inirci-pcritcacal  Induction  cf  rats,  it  vaa  fount;  tint  after 
single  induction,  its*  removal  fie.-  bone  ti-av.o  cor.  bo  satisfactorily  des¬ 
cribed  by  the  equation: 

(J>)  Q/.  »  25*5  *-°*cl7t  5o.C.  o"2*201^ 

Moreover  ££  of  the  initial  Sr9D  di.  esit  is  removed  with  ?*oiol#  =  ***?* 

In  ccndltions^of  prolong  ad  I "f; ••*  t  S  o  ••  (daily  induction  for  ICO  days), 
tharo  aro  changes  not  only  ill  tno  ccns'cano  ?v.'.ovjx  ox  one  isotope  frea 
bones,  but,  vhat  is  particularly  !..**»  tsat,  tharo  are  chan-os  in  tho  co¬ 
efficients  of  Sr^O  storage  in  tho  bone  15  a;v.o .  Equation  (>)  describes 
chan -03  in  Sr^2  content  in  rat  skolo  ion  after  isotope  induction  is  stopped: 

(3)  Qt  =  3.6  o -°-OC$t  is.5  G-0.wC015t 

Nearly  32^  of  Sr'°  is  removed  viik  ‘fbiol#  *  77  cays,  end  ~ 
rith  «  H,  6C0  days  (the  naya itv.de  is  apparently  over-estimated; 

the  observation  period  after  cessation  cf  Induction  was  only  340  days)  •  ^ 

In  comparison  with  sirglo  induction  at  ex  elonged  ingestion,  tho  i^a^iitvca 
of  Sr^*  storage  in  the  skeleton  v:as  43 •  5h  lover*  On  xmcciviml  indue ci on 
of  Sr^2  (once  a  month  for  a  total  of  5  inductions),  Its  rosoval  iron  the 
skeleton  (aftor  cessation  of  induction)  is  described  by  tho  equation: 

(4)  Qt  *  13.9  o-0*C264t  x  17.1  d-0.CG041t 

Nearly  46;:  of  the  activity  is  reared  with  7*oioi .  =  26  days  and 
545$  —  with  'fbiol.  "  1>^°  days ,  In  comparison  with  single  induction, 

Sr?0  content  v.as  502  loss* 

Tho  indicated  data  Is  sufficients'  c.  .•«a*^ev^oonco  teat  cno  con— 
ctor.t  bor.c  deposition  and  rc.-E.oYcl  01  Sr'  c.ep.nos^  on  tee  rhy  th..i  <*..d  in¬ 
gestion  of  isotopo  induction  into  t/.o  orgf.nl  &*«•  ‘••••rec j vr  the  »-agax  vuuo 

of  Sr*3  deposition  in  bone  tissue,,  in  ccr.di liens  of  prolonged  ingestion, 
si/oiif leant?. v  decrossou*  Ao  a  result  ox'  the  constant  deposition  and  re— - 
novol  of  Sr^  fvosi  tho  skeleton  depending  or.  tho  rhythm  of  5‘h  induction 
into  tho  organism  ar.d  changes  in  t.ir.e .  -  C  :.wld  be  Inauvacable  co  drac 
conclusions  re-ovding  lavs  of  isotope  deposit*. on  !«•  toe  organic.)  cn  tho 
basis  of  e:m-./ rirr.cn tation  with  single  induction.  There  Is  an  obvious  ne¬ 
cessity  for*  direct  data  cn  the  patterns  of  dicacti vo  isotopo  deposition 

und*r  prolonged  ingestion  into  the  ergonisn. 

^h"der  orolongcd  ingestion  ox  raciioec  *>-♦  v e  r.wvi>vAj.ccf£,  »*o  a  result 
of  radioactive  Vcea!cdo-..n  and  renew  1,  sn  equilibrium  Is  established  bet¬ 
ween  isoto-.o  ingestion  end  rotation  in  tho  organism.  Apparently  dc- 
ro;.itj on  multiplicity  (the  relation  ox"*  isotope  retention  in  the  organism 
in  ..  cri tied  organ  after  on  equilibrium  has  been  established  to  the 
C  r.y  ingested  dose)  and  tho  speed  with  vhlchvcrious  isotopes  achieve 

iViva  will  differ.’  In  the  case  of  isotopes  having  a  short  po- 
J  :  of  .--.rtial  br&nkdonh  (for  cxarple,  Sr89  vith  T^*  “  53  days),  but 
k  j  ; cried  of  removal  from  tho  organism,  tho  problem  is  resolved  re— 
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v Xr,“  ‘‘cr*  r-v-,'-r-ici;y  in  the  organism  ia  c> 

J* l?  rrp  ViT‘;r0T;V  r--*-i.ca,  and  tha  cqsiillbrf.ua  between 

in*.e*„icn  an*.  ucpcsiticn  c4  >-.:o  isotopa  in  the  oi-gnni:m  is  cut- bUsh^d 

<Itti£4C-2*  — --’■•rch  of  S.  a.  Kuvlyandekiy  and  co-author  a 

(1957)  and  D.  X*  a -.'in  tr.d  Xu*  X*  ..o^.:clev  (?.9j9)  conducted  on  various 
mlwU  confirm  this  pesilic.;.  It  sheared  that  Sv&>  deposition  multi¬ 
plicity  in  the  bone  tissue  or  rote  ?r.d  rabbits  ia  8.4,  and  tbo  cnuiii- 
banner,  ice  to;  a  injection  end  retention  in  bones  vma  oat&biiobcd 

*  by  tho  120th  day.  Subsequent  daily  Srs?  induction  over  820  days  did 

'  not  Refect  the  myiitudo  of*  uepo&iUon  multiplicity  of  this  isotone  in 
the  cheloton*  On  the  basis  of  these  data,  it  is  not  di  fficult  to*c nl- 
culnta  that  for  retention  in  human  bones  of  maximal  permissible  Sr6^ 
content  ( 2j «)#  there  car.  be  daily  ingestion  of  O.S^of  this  isotope. 

In  the  caso  of  long— live a  rs.cioactiv©  isotopes  which  uro  slowly  renoved 
fror.  tho  organism,  including  $r>°,  the  equilibrium  between  ingestion 
and  deposition  is  established  at  later  intervals. 

3y  moans  of  calculations,  wo  found,  a  lens  with  D.  I.  Ilyin,  that  in 
pigs  and  dogs,  on  daily  Sr'°  ingastion,per  os  equilibrium  (595$  must  bo 
established  in  approximately  1,200  days,  wltilo  the  isotopa  deposition 
multiplicity  is  equal  to  45.  A  similar  magnitude  for  Sr>0  deposition 
multiplicity  in  the  skeleton,  15,  was  obtained  in  experiments  on  dogs 
by  L.  JI.  Burykina,  inducing  animals  with  Sr90  by  south  over  a  period  of 

•  several  years.  In  conditions  of  continuous  ingestion  through  tho  gastro¬ 
intestinal  tract,  the  Sr?0  deposition  multiplicity  in  the  human  skeleton 
would  apparently  differ  little JTrom  the  magnitudes  indicated  :.bovo,  var-  ’ 
ticularly  in  tho  case  tfhor*  Sr90  votild  bo  ingested  by  an  adult  huurru 

The  indirect  data  confirms  the  accuracy  of  tho  indicated  position. 
TTe  will  thai-efore  utilize  date  on  tho  deposition  of  stable  strontium  in 
the  human  organism,  tfe  kr.ow  that  man  consumes  10“3  g  of  stable  stron¬ 
tium  with  his  food  per  dry,  while  tho  whole  *h«mnr.  ev^eitiou  retains  0.17,  g 
of  this  isotope.,  It  therefore  follev's  that  under  prolonged  ingestion, 
the  strontium  content  in  tho  ..hole  skeleton  will  «;:cecd  the  daily  invested 
quantity  by  140  tines.  A  similar  magnitude  of  Sr^3  deocaition  multiplici¬ 
ty  ir.  the  human  skeleton  is  obtained  in  tho  comparison* of  the  exchange 
characteristics  of  th a  indicated  element  with  stable  calcium.  Va  know 
that  tho  passage  of  SrvO  from  food  into  tono  is  achieved  with  its  dis¬ 
crimination  in  relation  to  calcium.  On  tho  basis  of  tho  recoarch  of  L. 

A.  Buldakovskiy  and  Yu.  I.  h'oskaley  (1060)  conducted  on  oheco,  as  well 
as  direct  observation  of  tho  migration  of  Sr90  falling  c.i  tho  earth’s 
surface  along  tho  food  chain  (milk  —  bones  of  now-born  children) ,  this 
coefficient  is  dotorr.ir.cd  to  ba  0.2-0.25.  Theso  data  arc  evidence  that, 
in  comparison  with  calcium,  Sr^°  is  ingested  aitf  retained  by  tho  organism 
in  smaller  amounts. 

deposition  multiplicity  in  tho  human  skoleton  will  apparently* 
be  trailer  by  the  magnitude  of  its  discrimination  in  rolation  to  calcium. 
Since  calcium  deposition  multiplicity  is  1,000,  tho  corresponding  mag¬ 
nitude  for  Sr  SO  should  be  200-250.  Such  Sr$0  deposition  multiplicities 
might  be  observed  if  the  isotope  hod  been  ingested  by  tho  organism  from 
childhood,  rhen  Sr>0  is  ingestod  by  the  adult  human,  its  deposition 
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Multiplicity  should  bo  le./er  thou  those  magnitudes  and  sis.' l*r  to  thvb 
obtained  in  experiment.  I.  *..*e  take  as  a  baso  a  a  rmdr.nl  C:-9>3  deposition 
multiplicity  of  the  humon  she  let  on  of  2£0,  then  for  tho  skeleton  to  re-  ’ 
tain  tho  caxim'd  poi  aissiblc  range!  tude  (2, tv)  of  this  iaotopo  thoro  raoot 
bo  a  daily  induction  of  C.GC3>c  .  Thie  magnitude  is  4.4  tines  higher 
thon  tho  one  recommended  ’ey  tho  Inlavnaticaal  Commission.  on  radiological 
'  protection  (0,0013^). 

On  this  basis  \;o  can.  conol  •Uv’.o  o:  rt.etlr.j2  norus  of  nnxir.nl  per¬ 

missible  content  rr.d  ingestion  of  Sr'3  in  tho  hunan  erganisn  hav«  experi¬ 
mental  verification  end  Indicate  tho  existence  of  &  sufficient  reserve 


guarantee* 

The  induction  of  maximal  peurtsniblo  Sr/3  (gc  entities  into  tho  org¬ 


anism  cannot  present  great  it\  c/.g  gene  tie  cense*  In  0*17  case, 

this  danger  is  significantly  leas  than  that  from  the  naturally  radio¬ 
active  isotopes  S'S)  end  C^4  which  constantly  enter  the  organism  with 
food  intake*  For  example,  tho  adult  humor;  daily  takes  in  C.C054iu  of 
naturally  radioactive  isotope  K'.O  ar.d  C-  ,  which  in  3*2  tiuca  greater 
than  the  maximal  permissible  Magnitude  of  Sv&  ingestion  (0»C013juw  )  * 

In  comparison  of  tho  indicated  magnitudes,  we  rai3t  keep  in  wind  that  X4D 
snd  C«  aro  wholly  ingested  fron  tho  gastro-lntostinnl  tract  and  are 
comparatively  evenly  distributed  in  organs  nnd  tissues,  while  Sr#>  is 
only  partially  ingested  frCn  the  gastc-intesiinal.  tract  end  is  selective¬ 
ly  retained  by  bones  yr/hen  soft  tissues  retain  only  an  insignificant  por¬ 
tion* 


Tho  data  cited- indicate  that  furUmr  research  is  necossaxy,  di¬ 
rected  at  studying  tho  radiobiological  lave  of  tho  action  of  ionising 
radiation  In  small  doses;  establishing  permissible  retention  levels  (in 
the  critical  organ)  of  radioactive  isotopes  and  their  ingestion  by  the 
human  organism;  and  studying  tho  laws  of  their  deposition  end  removal 
under  prolonged  ingestion  by  tho  organism 
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